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ACFM

cc (mb)
DSCFM
DSML
DEG-F (°F)
DIA.
FT/SEC

g
GPM
GR/ACF

- GR/DSCF
g/dscm
HP
HRS
IN.
IN.HG.
IN.WC.
LB
LB/DSCF
LB/HR
LB/10°BTU
LB/MMBTU
MW
mg/dscm
ug/dscm
microns (um)
MIN.
ng
PM
PPH
PPM
ppmC
ppm,d
ppm,w
ppt
PSI”
SQFT.
TPD
ug
v/v
WIw

- ABBREVIATIONS

actual cubic feet per minute

cubic centimeter (milliliter)

dry standard cubic foot of dry gas per minute
dry standard milliliter

degrees Fahrenheit

Diameter

feet per second

gram

gallons per minute

. grains per actual cubic foot

grains per dry standard cubic foot
grams per dry standard meter
horsepower

~ hours

inches

inches of mercury

inches of water

pound

pounds per dry standard cubic foot

pounds per hour

pounds per million British Thermal Units heat input

pounds per million British Thermal Units heat input -

megawatt

milligrams per dry standard cubic meter
micrograms per dry standard cubic meter
micrometer

minutes

nanograms

particulate matter-

pounds per hour

parts per million

parts per million carbon

parts per million, dry

parts per million, wet

parts per trillion

pounds per square inch

- square feet

tons per day
micrograms
percent by volume
percent by weight

Standard conditions are defined as 68 °F (20 °C) and 29.92 IN. of mercury pressure
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1 INTRODUCTION.

On August 8, 2012, Interpoll Laboratories personnel conducted a Relative Accuracy Test
Audit (RATA) on the following Continuous Emission Monitoring (CEM) System mstalled on the
Boiler 8 Baghouse Outlet at the Manltowoc Public Utilities Famhty m Manitowoc, W1scons1n:

Monitor

Type Manufacturer . Model Serial No. Location
SO2 - Thermo Eléctrori 434 " 0510511566 No. 8 Boiler
NOx Thermo Electron . 42i 0510511562 No. 8 Boiler
Co2 Thermo Electron 411 0510511585 " No. 8 Boiler

A relative accuracy test certification was performed on the carbon monoxide analyzer associated
with this CEM system.

On-site testing was performed by Rory Eiynck and Andrew Strong. Coordination between
testing activities and ;ﬁlant operation was provided by Jim Fanning of Mechanical Systems Inc and
Tim Harding of Manitowoc Public Utilities. The test was not witnessed by a representative of the’
Wisconsin Department of Natural Resources.

The RATA was performed in accordance with EPA Methods 3A, 6C, 7E and 10, CFR Title
40, Part 60, Appendix A (revised July 1, 2012). For oxygen analysis, a slip stream of sample gas
was withdrawn from the exhaust gas Streain using test ports on the stack adjacent to the CEMS
using a heat-traced probe and filter assembly. After passing through the filter, the gas faassed
through two condenser-type moisture removal systems operating in series. The particulate-free dry
gas was then transported t(; the oxygen analyzer with the excess exhausted to the atmosphere
through a calibrated orifice which was used to ensure that the flow from the stack exceeds the _
réquirements of the analyzer. For SO,, NO,, CO and CO, analysis, a dilution probe based system
was used. In this system a slip stream of exhaust gas is drawn from the exhaust gas stream using an
M&C dilution probe. The sample stream is filtered and diluted (approximate dilution during these
tests was 1 00:1) before delivery to the analyzers. The analog response of the analyzers in both
systems ‘was recorded using a computer data légger. The analyzers were calibrated with EPA
protocol gases. The results of the CEM Relative Accuracy Test Audit are summarized in Section 2.

Field data and all other supporting information are presented in the appendices.
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2 SUMMARY AND DISCUSSION

The results of the Relative Accuracy Test Audit are summarized in the following tables.

An overview of the results is presented below:

NO. 8 BOILER RELATIVE ACCURACY RESULTS

Parameter

Measured (%)

Units
co LB/10°BTU 751
CO ppmLwW 6.18
NOx LB/10°BTU 8.71
NOy Ppm,wW 832
SO, ppm,w 3.43
SO, LB/10°BTU 4.01
CO, % VIV, w 0.76

No difficulties were encountered in the field or in the evaluation of the data. On the basis

of these facts and a complete review of the data and results, it is our opinion that the CO,, SO, CO

and NO, concentrations reported herein are accurate and closely reflect the actual values, which

existed at the time the test was performed.
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Results of the August 8th, 2012 Relative Aocuracy Test Audit

of the CO Analyzer Installed on the No. 8 Boiler Duct at the

Manitowoc Public Utilities Plént located in Manitowoc, Wisconsin.

190 Klbs/Hr

N

CO Lbs/mmBTU

Run Date Time RM CEM DIFF.
1 08/08/12 705 - 725 0.016 0.015 0.001
2 * 08/08/12 740 - 800 0.018 0.016 0.002
3 08/08/12 8:10 - 830 0,0:[8 0.016 0.002
4 . 08/08/12 840 - 900 0.019 0.017 0.002
5 08/08/12 9:40 - 10:00 0.019 0.019 0.000
6 08/08/12 10:10 - 10:30 0.019 0.018 0.001
7 - 08/08/12 10:40 - 11:00 0.019 © 0.018 -0.000
8 08/08/12 11:10 - 11:30 0.020 0.020 0.000
] 08/08/12 11:40 - 12:00 0.020 0.020 0.000
10 08/08/12 1210 - 12:30 '0.021 0.020 0.001
Average Diff. 0.019 . 0.018 0.001
Confidence Coefficient 0.000641
Standard Deviation 0.001
Relative Accuracy 7.51

* Run was not used in RA calculation

" RM = Reference Method

CEM = Continuous Emission Monitor
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Results of the August 8th, 2012 Relative Accuracy Test Audit -
~ ; - of the CO Analyzer Installed on the No. 8 Boiler Duct at the
‘ Manitowoc Public Utilities Plant located in Manitowoc, Wisconsin. - .

- ’ 190 Klbs/Hr
'CO ppm, wet
i . Run Date Time s RM CEM DIFF.
S .
i 1 08/08/12 7.05 - 725 ' 16.1 150 1.1
2 -08/08/12 V 740 - 800 17.7 16.3 . 1.4
3 08/08/12 810 - 830 18.0 16.3 "1.7
|
4 * 08/08/12 840 - 900 19.6 17.7 19
i 5 08/08/12 9:.40 - 10:00 ) 19.3 18.6 0.7
|
I 6 08/08/12 10:10 - 10:30 18.7 18.5 - 0.2
7 08/08/12 10:40 - 11:.00 ) / 19.5 19.3 . 0.2
8 08/08/12 11:10 - 11:30 20.6 20.5 0.1
9 08/08/12 11:40 - 12:00 ‘ 20.8 205 0.3
f 10 08/08/12 12:10 - 12:30 21.2 20.3 0.9
I
Average Dff. } 19100  18.367 0733
' ‘t ' _ Confidence Coefficient i 0.448555
" Standard Deviation : 0.581
Relative Accuracy 6.18

* Run was not used in RA calculation
RM = Reference Method

CEM = Continuous Emission Monitor
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Results of the August 8th, 2012 Relative Accuracy Test Audit

of the NOx Analyzer Installed on the No. 8 Boiler Duct at the

Manitowoc Public Utilities Plant located in Manitowoc, Wisconsin. -

' Run Date

190 Klbs/Hr

Nox LbsmmBTU

Time RM CEM - DIFF.
1 08/08/12 705 - 725 0.108 0.102 0.007
2 08/08/12 7:40 - 800 0.075 0.069 0.006
3 08/08/12 810 - 830 0.068 0.061 0.007 N
.4 08/08/12 '8:40 - 900. 0.065 © 0.059 0.006
5 08/08/12 9:40 - 10:00 0.077 0.070 0.007
6 08/08/12 10:10 - 10:30 0.076 0.069 0.007
7 08/08/12 10:40 - 11:00 0.074 0.068 0.006
8 * 08/08/12 11:10 - 11:30 0.074 0.067 0.007
9 08/08/12 11:40 - 12:00 0.081 0.075 0.006
10° 08/08/12 12:10 - 12:30 0.083 0.077 0.006
Average Diff. 0.078 0.072 0.008
Confidence Coefficient 0.000405
Standard Deviation 0.001
Relative Accuracy 8.71

* Run was not used in RA calculation

RM = Reference Method

CEM = Continuous Emission Monitor
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Results of the. August 8th, 2012 Relative Accuracy Test Audit _
of the NOx Analyzer Installed on the No. 8 Boiler Duct at the

. Manitowoc Public Utilities Plant located in Manitowoc, Wisconsin.

190 Klbs/Hr

Nox ppm, wet -

Run Date © Time RM CEM DIFF.
1 08/08/12 7:05 - 725 65.9 62.4 35
2 08/08/12 7:40 - 800 458 ° 420 3.8
3 08/08/12  &10 - 830 414 38.0 34
4 08/08/12 8:40 - .9:00 40.3 36.6 3.7
5 08/08/12 9:40 - 10:00 46.5 426 3.9
6 08/08/12 10:10 - 10:30 46.3 424 3.9
7 08/08/12 10:40 - 11:00 45.4 416 38
8 08/08/12 41:10 - 11:30 46.1 419 42
9 *  08/08/12 11:40 -. 12:00 50.4 '46.0 44
10 | 08/08/12 1210 - 12:30 50.5 46.7 3.8
Average Diff. 47578 43.800 3.778
Confidence Coefficient 0.179356
Standard Deviation 0.233
Relative Accuracy 8.32

* Run was not used in RA Qaléulation
RM = Reference Method

CEM = Continuous Emission Monitor
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Results of the August 8th, 2012 Relative Accuracy Test Audit
of the SO2 Analyzer Installed on the No. 8 Boiler Duct at the
Manitowoc Public Utilities Plant located in Manitowoc, Wisconsin.

)

Time -

190 Kibs/Hr

SO, ppm, wet

Run . Date RM CEM DIFF.
1 080812 7:05 - T:25 56.2 53.9 23
2 08/08/12 7:40 - 800 81.7 787 3.0
3 08/08/12 810 - 830 100.5 97.5 3.0
.4 * 080812 " 840 - 900 111.9 107.8 4.1
5 08/08/12 9:40 - 10:00 95.3 93.1 2.2
6 08/08/12 10:10 - 10:30 100.0 97.3 2.7
7 08/08/12 10:40 - 11:00 108.6 105.3 33
8 08/08/12 11110 - 11:30 1247 121.5 3.2
9 08/08/12 11:40 - 12:00 106.2 105.7 0.5
10 08/08/12 1210 - 12:30 81.6 785 . 3.1
Average Diff. 94.978 92.389 2,589
Confidence Coefficient 0.670598
Standard Deviation 0.872
Relative:Accuracy

* Run was not used in RA calculation

RM = Reference Method

CEM = Continuous Emission Monitor

3.43

MPUO00901



Results of the August 8th, 2012 Relative Accuracy Test Audit
of the SO2 Analyzer Instailed on the No. 8 Boiler Duct at the -
Manitowoc Public Utilities Plant located in Manitowoc, Wisconsin.-

Run Date Time

190 Kibs/Hr

S0, Lbs/mmBTU

* Run was not used in RA calculation
RM = Reference Method

CEM = Continuous Emission Monitor

RM CEM DIFF.

1 08/08/12 705 - 725 - . 0.129 0.122 0.007

2 08/08/12 740 - 800 0.186 0.179 0.007

3 08/08/12 810 - 830 0.228 0.219 0.009

4 * 08/08/12 840 - -8:.00 0.253 0.241 0.012

5 08/08/12 9:40 - 10:00 0.218 0.212 0.00é

6 08/08/12 10:10 .- 10:30 0.228 0.220 0.008

7 08/08/12 10:40 - 11:00 0.247 0.238 OV.OOQ

8 08/08/12 11:10 -  11:30 0.278 0.271 0.007

9 08/08/12 11:40 - 12:00 0.238 0.238 0.000

10 08/08/12 12:10 -  12:30 0.187 0.181 0.006

Average Diff. 0.215 0.209 0.007
Confidence Coefficient 0.002074

- Standard Deviation 0.003

Relative Accuracy 4.01
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Results of the August 8th, 2012 Relative Accuracy Test Audit

of the CO2 Analyzer Installed on the No. 8 Boiler Duct at the
Manitowoc Public Utilities Plant located in Manitowoc, Wisconsin.

180 Klbs/Hr
CO2 % wet
Run Date Time RM CEM DIFF.
1 08/08/12 7:05 - 725 13.1 13.2 =01
2 08/Q8/1 2 7:40 - 800 13.1 13.2 -0.1
3 08/08/12 810 - 830 13.2 13.3 -0.1
4 ~ 08/08/12 8:40 - 9:00 13.3 13.4 -0.1
5 08/08/12 9:40 - 10:00 13.1 1341 0.0
6 08/08/12 10:10 - 10:30 13.1 13.2 -0.1
7 08/08/12 10:40 - 11.00 13.2 13.2 0.0
8 08/08/12 11:10 - 11:30 13.5 13.4 0.1
9 08/08/12 11:40 - 12:00 13.4 13.3 0.1
10 * 08/08/12 1210 - 12:30 13.1 13.0 0.1
Average Diff. 13.222 13.256 -0.033
Confidence Coefficient 0.066568
Standard Deviation 0.087
Relative Accuracy 0.76

* Run was not used in RA calculation
RM = Reference Method

* CEM = Continuous Emission Monitor
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APPENDIX A

REFERENCE METHOD COMPUTER PRINTOUTS
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MSi / Manitowoc PU

Manitowoc, Wi

No. 8 Boiler Duct

Instrument
CO, (wet)

O, {(dry)’
Nox (wet)
SO, (wet)
CO (wet)

Fuel Factor CO,

Time

8/8/2012
Test 2

Start
Stop

Run 1

7:05 AM
7:25 AM

Gas Corrected
for Calibration

13.06
4.81
65.88
56.23
16.09

SO, ppm,w Nox ppm, W O2%.d CO,ppm,w CO ppm, w -
7:05 38.46 78.19 4.971 - 13 15.2
7:06 41.24 77.63 4.885 13.13 15.45
7:07 44,14 74.1 4.829 13.12 15.5
7:08 52.36 72.52 4785 13.18 15.51
7:09 44.87 72.4 4,838 13.16 15.51
7:10 43.21 71.47 4.832 13.14 15.69
711 51.42 69.99 4.873 13.13 15.8
7:12 54.14 66.74 4.781 13.17 15.9
7:13 61.13 67.67 4.753 13.2 16.08
7:14 65.51 64.91 4.802 13.16 16.09
7:15 539,18 63.81 4.787. 13.17 16.08
716 63.18 64.37 4.816 13.12 16.27
‘77 59.05 62.67 4.8685 13.08 16.32
7:18 60.65 62.23 4.812 © 1817 16.39
718 60.23 60.99 4.874 13.12 16.38
7:20 68.63 60.79 4.808 13.15 16.38
7:21 66.56 59.39 4.812 13.15 16.38
7:22 65.38 59.58 4.796 13.18 16.58
7:23 62.99 58.52 4.876 13.08 16.64
7:24 57.65 59.38 4.994 12.96 16.47
7:25 61.7 58.58 4.927 13.06 16.78
Average 58.270 65.897 4.844 13.125 16.667
FIELD CALCULATIONS
RAW DATA TABLE
ppm or % Zero Span Gas
13.125 0.05 8.60 8.54
4.844 0.04 11.06 11.03
65.997 -0.08 113.95 113.70
56.27C 0.13 117.75 117.80
16.087 -0.25 112.92 111.60
1805
'RESULTS
COy %, wet 13.1
Nox ppm, wet 65.9
SO, ppm, wet: 56.2
CO ppm, wet - 18.08,
NOx LB/mmBTU 0.109
SO, LBImmBTU 0129
CO Lbm/mmBTU 0.016

wet
dry
wet
wet
wet
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Instrument
CO, (wet)
0, (dry)
Nox (wet)
SO, (wet)
CO (wet)

Fuel Factor CO,

MS!/ Manitowoc PU
Manitowoc, Wi
No. 8 Boiler Duct

8/8/2012
Test 2

Start
Stop

Run 2

Time SO, ppm,w  Nox ppm, w 0, %, d CO, ppm, w CO ppm,w
7:40 71.85 50.58 5.01 13.09 - 17.72
7:41 75.65 48.89 4.914 13.17 17.63
7:42 73.92 48.53 4.919 13.15 17.82
7:43 78.09 47.85 4.918 13.17 17.88
7:44 - 7543 47.85 4.998 13.07 17.87
7:45 73.22 49.24 5.033 13.07 17.88
7:46 74.91 47.84 5.023 13.08 17.87
7:47 79.13 46.6 4.889 13.21 17.88
7:48 83.7 45.37 4.745 13.28 17.83
7:49 80.48 44.79 4.719 13.31 17.57
7:50 84.96 43.68 4.679 13.39 17.68
7:51 87.3 43.15 4,697 13.35 17.57
7:52 83.65 44.44 468 13.39 17.57
7:53 . 82.88 45.69 4,763 13.28 17.57
7:54 91.64 45,55 4.82 13.28 17.49
7:55 85.71 46.39 4,854 13.26 17.27
7:56 88.83 45.81 4774 13.32 17.26
7:57 85.75 45.76 4.862 13.22 17.27
7:58 88.23 43.04 4,832 13.25 17.57
7:59 86.58 43.69 4.813 13.25 17.57
8:00 85.45 44 59 4.863 . 13.23 17.56

Average 81.827 46.159 4,848 13.230 17.635
FIELD CALCULATIONS -
RAW DATA TABLE

ppm or % Zero Span Gas

13.230 0.06 8.63 8.54

4.848 0.04 11.07 11.03
46.159 -0.11 114.85 113.70
81.827 -0.03 118.05 117.80
17.635 -0.26 112.85 111.60

s 1805
RESULTS

CO, %, wet 13.1

Nox ppm, wet 45.8

SO, ppm, wet 81.7

CO ppm, wet 17.65

NOx LB/mmBTU 0.075

SO, LB/mmBTU 0.186
CO Lbm/mmBTU 0.018.

2

7:40 AM
8:00 AM

Gas Corrected
for Calibration

13.13 wet
4.81 dry
45.76 wet
81.66 wet
17.65 wet
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MSI / Manitowoc PU

Manitowoc, WI

- 'No. 8 Boiler Duct

Instrument
CO, (wet)

O, (dry)
Nox (wet)
SO, (wet)
CO(wet)

Fuel Factor CO,

8/8/2012
Test 2

Start
Stop

Run 3

Time SO, ppm.w Nox ppm, w 0, %, d CO, ppm, w CO ppm, w
8:10 88.8 43 4.878 13.2 13.91
8:11 96.95 43.29 4,764 13.26 17.86
8:12 - 87.37 41.61 4.801 13.28 17.87
8:13 91.51 42.95 4.74 13.33 17.87
8:14 93.3 42,5 4,666 13.36 17.92
8:15 93.05 40.5 4,692 13.37 18.17
8:16 113.8 41.34 4867 13.39 18.12
8:17 101.3 43.24 475 .13.33 17.92
8:18 104.3 433 4,705 13.37 18.12
8:19 103.5 41.71 4703 13.33 18.16
8:20 101.9 41.13 4.699 13.31 18.24
8:21 106.3 41.33 4727 13.35 18.25
8:22 107.9 41.6 4722 - 13.33 18.16
8:23 105.6 40.76 4715 13.34 18.42
8:24 108.5 41.44 4735 13.33 18.42

© 8:25 108.2 42.05 4.711 13.32 - 183
8:26 117.5 41.29 4736 13.36 18.02
8:27 111.3 42.1 4.762 13.32 17.85
8:28 94.41 41.39 4,749 13.34 18.08
8:29 81.61 43.08 4,725 13.36 18.37
8:30 93.25 41.23 4724 13.38 18.4

Average 100.969 41.945 4,732 13.332 17.924
FIELD CALCULATIONS
RAW DATA TABLE -
pbm or % Zero Span Gas
13.332 0.07 8.65 8.54
4.732. 0.03 11.08 11.03
41.945 -0.09 115.30 113.70
100.969 -0.05 118.35 117.80
17.924 -0.24 112.65 111.60
1805
RESULTS
CO, %, wet 13.2
Nox ppm; wet 41.4
- 80, ppm, wet 100.5
CO ppm, wet 17.96
NOx LB/mmBTU 0.068
SO, LB/mmBTU 0.228
CO Lbm/mmBTU 0.018

8:10 AM
8:30 AM
Gas Corrected
for Calibration
13.21 wet
470 dry
41,42 wet
100.51 wet
wet

17.96
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MSI / Manitowoc PU 8/8/2012
Manitowoc, WI Test 2 Run 4
No. 8 Boiler Duct

Start . 8:40 AM
Stop 9:00 AM
Time SO, ppm,w Nox ppm, w 0, %, d CO, ppm, w CO ppm, w
8:40 94.07 42.11 4,767 13.34 19.16
8:41 107.6 43.24 4,761 13.38 18.67
8:42 109.9 41.84 4.693 13.39 18.4
8:43 97.85 42.03 4.741 13.33 18.55
8:44 96.35 40.83 4,748 13.36 18.8
8:45 91.81 41.27 4.795 13.28 18.8
8:46 98.65 40.93 4.684 13.37 19.09
8:47 107 38.15 4,732 13.34 19
8:48 109.4 40.52 4,677 13.42 19
8:49 119.9 40.47 4,659 13.46 19
8:50 127.4 39.63 4617 13.44 19
8:51 119.6 39.16 4618 13.5 19
8:52 125.2 41.71 4,586 13.51 19.3
8:53 118.7 40.22 4,662 13.43 19.07
8:54 118.1 40.8 4.684 13.38 19.3
8:55 115.5 41.05 4,655 13.41 19.31
8:56 127.7 40.2 4,595 13.51 19.3
8:57 113.4 39.88 4.655 13.42 19.3
8:58 117.1 40.09 . 4,642 13.41 19.5
8:59 125.3 39.44 4,67 13.42 o191
9:00 121.3 38.94 4.6 13.48 19.34
Average 112.468 40.643 4.678 13.408 19.048
FIELD CALCULATIONS
RAW DATA TABLE
- Gas Corrected
Instrument ppm or % Zero Span Gas for Calibration
CO, (wet) 13.408 0.09 8.66 8.54 13.276 wet
0, {dry) 4,678 0.03 11.07 11.03 © 4,646 dry
Nox (wet) 40.643 -0.11 114.85 113.70 40.30 wet
SO, (wet) 112.468 0.12 118.35 117.80 111.94 wet
CO (wet) 19.048 -0.23 112.60 111.60 19.06 wet
Fuel Factor CO, ) * 1805
RESULTS
CO, %, wet 13.3
Nox ppm, wet 40.3 -
SO, ppm, wet 111.9
CO ppm, wet - . 19.06
NOx LB/mmBTU 0.065
SO, LB/mmBTU 0.253
CO Lbm/mmBTU 0.019.
4
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MSI / Manitowoc PU

Manitowoc, Wi

No. 8 Boiler Duct

Instrument
CO, (wet)
O, (dry)
Nox (wet)
SO, (wet)
CO (wet)

&Fuel Factor CO,

8/8/2012
Test 2

Start
Stop

Run §

Time SO, ppm,w Noxppm.w ~ O,%.d CO,ppm, w CO ppm,w
9:40 103.2 49.2 4.983 13.1 18.71
9:41 113.3 48.86 4.852 13.06 19.3-
9:42 91.78 47 .43 4.806 13.2 19.4
9:43 91.75 47.8 4.888 " 13.21 19.6
9:44 97.62 47.73 4.899 13.17 19.51
9:45 95.68 45.32 4.888 13.21 - 19.35
9:46 94.77 45.59 4.808 13.27 19.6
9:47 98.06 ~ 48.52 4.754 13.33 18.6
9:48 100.6 46.32 4.825: 13.23 19.61
9:49 91.26 49.1 © 487 13.23 19.6
8:50 87.36 46.28 4.85 13.19 19.6
9:51 975 - 4411 4.858 13.2 19.61
9:52 85.67 45.66 4.844 13.22 19.4
9:53 88.31 45.82 4.881 13.2 19.6
9:54 94.21 48.18 4.862° 13.21 19.36
9:55 100 46.69 4.785 13.28 19.3
9:56 97.69 46.77 . 4787 13.31 18.3
9:57 98.96 46.65 4.805 13.31 19.17
9:58 96.44 47.67 4.851 13.27 19.02
9:59 94.41 47.83 4.845 13.26 18.87
10:00 97.78 45.94 4.836 13.29 18.86
Average 96.017 46.822 4.855 13.227 19.351
FIELD CALCULATIONS
RAW DATA TABLE
pom or % Zero Span Gas
13.227 0.09 8.65 8.54 _
4.855 0.03 11.05 11.03
48.822 -0.12 114.55 113.70
96.017 0.18 118.65 117.80
19.351 -0.09 . 112.20 111.60
1805
RESULTS
CO, %, wet 13.1
Nox ppm, wet 46.5
S0, ppm, wet 95.3
CO ppm, wet 19.32
NOx LB/mmBTU 0.077
SO, LB/mmBTU 0.218
CO Lbm/mmBTU 0.019

W

9:40 AM
10:00 AM

Gas Corrected
for Calibration

13.11

4.83

46.55
95.30
19.32

wet
wet

wet
wet
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Instrument
GO, (wet)
0, (dry)
Nox (wet)
SO, (wet)
CO (wet)

MSi/ Manitowoc PU

Manitowoc, Wi

No. 8 Boiler Duct

Time
10:10
10:11
10:12
10:13
10:14
10:15
10:16
10:17
10:18
10:19
10:20
10:21
10:22
10:23
10:24
10:25
10:26
10:27
10:28
10:29
10:30

Average

Fuel Factor CO,

0, %, d

8/8/2012
Test 2

Start
Stop

Run 6

SO, ppm,w Nox ppm,w CO, ppm, w CO ppm, w
103.8 46.56 4,725 13.33 18.38
111.9 47.06 4.756 13.31 18.89

©110.8 47.88 4792 13.3 18.71
95.57 47.86 4.876 13.25 18.71
96.02 45.42 4,822 13.26 18.92
104.4 45.97 4.805 13.26 18.72
98.12 48.32 4.861 13.26 18.53
101.1 47.33 4.817 13.28 18.68
94.97 47.18 4.842 13.23 18.46
1024 46.92 4791 13.26 18.71
101.6 46.85 4775 13.32 18.42
97.39 47.78 4,833 13.24 18.5

99 46.92 4797 13.29 18.7
94.13 4423 4.821 13.3 18.71
103.5 4471 4.801 13.27 18.99
106.8 47.32 4.844 13.24 18.77
103 46.57 4798 13.3 18.71
94.19 4571 4.815 13.29 18.86
104.8 47.78 4,786 13.29 19.16
95.34 45.56 4.842 13.19 19.01

94.48 4466 4.808 13.32 19.3
100.634 46.600 4.810 13.276 18.754

FIELD. CALCULATIONS
RAW DATA TABLE

ppm or % Zero Span Gas
13.276 0.08 8.66 8.54
4.810 0.03 11.04 11.03
46.600 -0.06 114.55 113.70 -

100.634 0.20 118.50 117.80
18.754 0.05 111.50 111.60
1805 N

RESULTS
CO; %, wet 13.1
Nox ppm, wet 46.3
SO, ppm, wet 100.0
CO ppm, wet 18.73
NOx LB/mmBTU 0.076
SO, LB/mmBTU 0.228
CO Lbm/mmBTU 0.019

10:10 AM
10:30 AM

Gas Corrected
for Calibration

13.14 wet

4.79 dry
46.29 wet
100.01 wet
18.73 wet
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MS! f Manitowoc PU

Manitowoc, Wl

No. 8 Boiler Duct

Instrument
CO;, (wet)
0, (dry)
Nox (wet)
S0, (wet)
CO (wet)

" Fuel Factor CO,

SO, ppm, w  Nox ppm, w

8/8/2012
Test 2

Start
Stop

Run?7

Time 0, %, d CO, ppm, w CO ppm, w
10:40 - 1017 45,65 4.76 13.33 - 18.32
10:41 "104.7 47.61 4.684 13.35 19.32
10:42 106.4 45.93 4.759 13.28 19.4
10:43 109.6 45.66 4722 13.33 19.86
10:44 107.7 46.03 4.669 13.34 18.71
10:45 108.5 44,94 4.695 13.34 19.84
10:46 111 47.38 4.779 133 19.9
10:47 111 47.21 4,783 13.33 19.35
10:48 94.9 47.5 4.837 13.22 19.34
10:49 106 46.81 476 13.26 19.55
10:50 107.3 47.49 4.751 13.28 18.1
10:51 112.6 4547 . 476 13.27 19.25
10:52 107.2 46.02 4.785 13.26 19
10:53 102.1 45.35 4768 13.28 19.25
10:54 102.5 45.81 4,724 13.32 19.3
10:55 112.4 44.53 4.733 13.29 18.31
10:56 112.2 45.04 4,681 13.35 19.4
10:57 115.8 44.9 4.668 13.32 19.8
10:58 118 44,22 4,699 13.35 18.6
10:59 123.3 43.44 4.604 13.39 19.75
11:00 124.6 44.92 4.621 13.38 19.8
Average 109.500 45.805 4.726 13.313 19.479
FIELD CALCULATIONS
RAW DATA TABLE
ppm or % Zero Span A . Gas
13.313 0.08 8.65 ' 8.54
4726 . 0.03 11.04 11.03
45,805 -0.05 114.75 113.70
© 109.500 0.33 118.80 117.80
19.479 0.04- 111.30 111.80 -
1805
%
RESULTS
CO, %, wet 13.2
Nox ppm, wet 454
SO, ppm, wet 108.6
A CO ppm, wet 19.50
'NOx LB/mmBTU 0.074
SO, LB/mmBTU 0.247
CO Lbm/mmBTU 0.019

10:40 AM
11:00 AM

Gas Corrected
for Calibration

13.19 ‘wet

4.70 dry
45.41 wet
108.55 wet
19.50 wet
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MSI / Manitowoc PU 8/8/2012
Manitowoc, WI Test 2 Run 8
No. 8 Boiler Duct

Start 11:10 AM
Stop 11:30 AM
Time S0, ppm, w  Nox ppm, w 05 %, d CO, ppm; w CO ppm. W
11:10 119.7 449 4.495 1348 20.27
11:11 123.2 42.59 4.548 13.48 20.87
11:12 125.1 42.85 4,48 13.55 20.5
11:13 144.8 - 4277 4,353 - 13.62 20.46
11:14 143.5 43.16 4,389 13.83 20.54
11:186 141.7 43.3 4.369 13.64 20.84
11:16 138.1 43,52 4,293 13.65 21.08
11:17 133.1 43.68 4.361 13.68 20.88
11:18 128 44.91 4.418 13.64 20.68
11:19 124.8 46.52 4,422 13.57 20.51
11:20 132 47.72 4.471 13.62 20.78
11:21 117.8 47.36 4,554 13.49 20.5
11:22 115.6 48.4 4,549 13.5 20.73
11:23 125.4 48.55 4.513 13.57 20.46
11:24 120.1 49.18 4,542 13.49 20.2
11:25 118.7 47.94 4,602 13.46 20.21
11:26 123.6 49.44 4.563 13.52 20.3
11:27 122.1 49.69 4,643 13.41 20.5
11:28 115.4 48.86 4,666 13.37 20.51
11:29 121.2 49.74 - 4662 13.45 20.5
11:30 113 5197 4,701 13.35 20.5
Average 126.043 46.526 4,504 13.532 20.563

FIELD CALCULATIONS

RAW DATA TABLE
Gas Corrected
Instrument - ppm or % Zero Span Gas for Calibration
CO, (wet) 13.532 0.07 8.61 8.54 "13.46 wet
O, (dry) 4,504 0.03 11.04 11.03 4.48 dry
Nox (wet) 46.526 -0.05 114.90 113.70 46.07 wet
SO, (wet) . 126.043 0.25 - 11910 117.80 124.68 wet
CO (wet) 20.563 '0.04 111.15 111.60 ' .20.62 wet
Fuel Factor CO, 1805 . -
RESULTS
CO; %, wet 13.5
Nox ppm, wet 46.1
S0, ppm, wet ) 124.7
CO ppm, wet 20.62
NOx LB/mmBTU 0.074
S0, LB/mmBTU 0.278 ’
CO Lbm/mmBTU 0.020
8
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MS!/ Manitowoc PU
Manitowoc, WI
No. 8 Boiler Duct

Instrument
CO; (wet)
O, (dry)
Nox (wet)
SO, (wet)
CO (wet)

Fuel Factor CO,

Time SO,.ppm,w NoOxppm,w

02 %, d
11:40 107.3 48.22 4.697
11:41 124.8 47.92 4.643
11:42 125.5 47.77 4.575
11:43 125.6 48.08 4.55
11:44 119 47.55 4.659
11:45 112.2 47 .43 4.692
11:46 112.3 48.93 4.632
11:47 112.9 . 47.71 4.545
11:48 104.2 47.61 4.59
11:49 - 1137 48.21 4.467

11:50 128.9 483 4.408"
11:51 118 48.08 4.611

11:52 116.6 49.13 4.558 .
11:53 118.7 48.41 4.583 -

11:54 102.6 52.79 4.709
11:55 93.92 54.36 4.74
11:56 '94.59 55.79 4.727
11:57 92.88 57.78 4.769
11:58 | 74.48 57.89 4.882
11:58 73.13 - 58.28 4.907
12:00 76 56.53 4.901
Average = 107.014 50.941 4.659

FIELD. CALCULATIONS

RAW DATA TABLE
ppmor % Zero 'Span |
13.435 0.06 8.61
4.659 0.03 11.04
50.941 -0.06 114.90
107.014 0.28 118.65
20.745 0.05 . 110.90
1805
RESULTS
COZI%, wet

‘Nox ppm, wet
SO, ppm, wet
CO ppm, wet
NOx LB/mmBTU
SO, LB/mmBTU

CO Lbm/mmBTU

8/8/2012

-~ Test 2

Start
Stop

CO, ppm,w CO ggfn, w

13.37
13.42
13.47
13.53
13.38
13.43
13.47
13.48
13.48
13.58
13.6
13.46
13.49
13.45
13.44
13.43
13.4
13.42
13.32
13.26
13.23

13.435

Gas
8.54
11.03
113.70
117.80
111.60

13.4

50.4
1v06.2
20.84
0.081
0.238

0.020

Run 9

17.53
20.49
20.29
20.49
20.71
20.83
20.73
20.49
20.49
20.39
20.24
20.19
20.96
21.42
21.23
21.42
21.62
21.44
21.43
21.72
21.53

20.745

11:40 A
12:00 P

M
M

Gas Corrected
for Calibration

13.36 wet
4.64 dry
50.44 wet
106.22 wet
20.84. wet
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. Instrument
CO, (wet)
O, (dry)
Nox (wet)
SO, (wet)
CO (wet)

MS!/ Manitowoc PU 8/8/2012

Manitowoc, Wi

Test 2

No. 8 Boiler Duct

Start
Stop

SO, ppm,w Nox ppm, w 0, %, d CO, ppm,w CO ppm, W

Run 10

Time
12:10 70.81 54.93 4.841 13.27 22.51
12:11 71.73 53.8 4.878 13.27 21.73
12:12 67.09 55.12 4.907 13.23 21.49
12:13 64.97 55.98 4.885 13.23 21.53
12:14 70.47 56.34 4.872 13.28 215
12:15 66.8 56.2 4.923 13.21 21.39
12:16 65.54 56.46 4916 13.19 21.35
12:17 60.82 56.5 5.012 13.15 21.3
12:18 73.72 51.92 5.057 13.02 21.4
12:19 76.72 150.63 4.956 13.07 21.16
12:20 91.7 50.19 4.887 13.19 21.2
12:21 99.37 50.93 4.883 13.16 20.63
12:22 96.58 50.14 4.812 13.26 20.37
12:23 89.28 48.04 4.869 13.16 20.5
12:24 86.01 459 4.899 13.13 20.51
12:25 91.44 46.76 4,878 13.14 20.52
12:26 99.42 47.39 4.919 13.12 20.84
12:27 103.3 48.11 4,922 13.07 20.9
12:28 94.51 46.18 4.934 13.1 20.68
12:29 90.53 47.25 4.936 13.12 209 |
12:30 96.12 46.69 4.965 13.09 21.15
82.235 51.212 4.912 13.165 21122

Average

Fuel Factor CO,

FIELD CALCULATIONS

RAW DATA TABLE

ppm or % Zero Span Gas

13.165 0.07 8.62 8.54
4912 0.03 11.04 11.03
51.212 -0.09 115.40 113.70
82.235 0.35 118.50 117.80
21.122 ) 0.03 110.85 111.60

1805
4
RESULTS

CO, %, wet 13.1

Nox ppm, wet 50.5

SO, ppm, wet 81.6
“CO ppm, wet 21.24
NOx LB/mmBTU : 0.083
SO, LB/mmBTU . 0.187
CO Lbm/mmBTU 0.021

10

12:10 PM
12:30 PM

Gas Corrected
for Calibration

13.08 wet
4.89 dry
50.51 wet
81.64 wet
21.24 wet
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APPENDIX B

MEASUREMENT SYSTEMS PERFORMANCE SPECIFICATIONS
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MS!1/ Manitowoc PU
Manitowoc, Wi
No. 8 Boiler Duct
08/08/12
Test 2

SO, (TECO Model 43i)

Cylinder | Analyzer Span %

‘Value |Response| Difference| Value of
(ppm) (ppm) (ppm) (ppm) Span

Zero 0.00 0.28. .0.28 251.00 0.11
Low Level | 117.80 117.90 . 0.10 251.00 0.04
Mid Level | 251.00. 251.20 0.20 251.00 0.08

CO, (TECO Model 410i)

Cylinder | Analyzer Span . %

Value |Response| Difference| Value of
. (ppm) (ppm) {ppm) (ppm) Span
Zero 0.00 0.03 0.03 17.00 0.18
Mid Level 8.54 8.58 0.04 17.00 0.24
High Level| 17.00 17.22 0.22 17.00 1.29

NOx (TECO Model 42i)

Cylinder | Analyzer - Span %

Value |Response| Difference| Value of
(ppm) (ppm) (ppm) (ppm) Span
Zero 0.00 -0.08 0.06 1251.00 0.02
Mid Level 113.70 113.50 0.20 251.00 0.08
High Level| 251.00 248.70 2.30 251.00 0.92

O, {Servomex Series 1400)
Cylinder /| Analyzer Span Y%
Vaiue |Response| Difference| Value of
(ppm) (ppm) (ppm) (ppm) Span
Zero 0.00 0.04 0.04 - 21.20 0.19
Mid Level 11.03 11.05. 0.02 21.20 0.09
High Level| 21.20 21.22 0.02 21.20 0.09
CO (TECO 48i)

Cylinder | Analyzer Span %

Value |Response| Difference| Value of
(ppm) (ppm) (ppm) (ppm) Span
Zero _0.00 -0.25 0.25 111.60 0.22
Mid Level 50.20 . 50.35 0.15 111.60 0.13
High Level | 111.60 112.84 1.24 111.60 1.1

=== All Calibrations must be within 2% of the span value...

Calibration Error

1
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MSi / Manitowoc PU
Manitowoc, W
No. 8 Boiler Duct

8/8/2012
0,
Pre- Post- %
Cal cal Drift
Initial _ Bias Final Bias Avg. of Span -
1 Zero 0.04 | 0.00% | 0.04 | 0.00% 0.04 0.00%
Upst;ale 11.05 | 0.00% | 11.07 | 0.09% | 11.06 0.08%
2 | Zero 0.04 | 0.00% | 003 }|-0.05%| 0.04 | -0.05%
Upscale| 11.07 | 0.09% | 11.07 | 0.09% | 11.07 0.00%
3 Zero 0.03 | -0.05%| 0.03 }-0.05% | 0.03 -0.00%
|Upscale| .11.07 | 0.09% | 11.08 | 0.14% | 11.08 0.05%
4 | Zero 0.03 |-0.05%| 0.03 [-0.05% | 0.03 0.00%
Upscale| 11.08 | 0.14% | 11.05 | 0.00% | 11.07 | -0.14%
5 Zero 0.03 | -0.05% | 0.02 [-0.09% | 0.03 -0.05%
Upscale| 11.05 | 0.00% | 11.04 | -0.05% | 11.05 | -0.05%
6 Zero 0.02 |-0.09%| 0.03 [-0.05%} 0.03 0.05%
Upscale| 11.04 | -0.05% | 11.04 | -0.05% | 11.04 0.00%
7 Zero 0.03 |-0.05% | 0.03 |[-0.05%| 0.03 0.00%
Upscale] 11.04 | -0.05% | 11.04 | -0.05% | 11.04 _ 0.00%
8 Zero 0.03 |-0.05%] 0.02 }-0.09%| 0.03 -0.05%
Upscale| 11.04 | -0.05% | 11.04 | -0.05% | 11.04 0.00%
9 Zero | 002 |[-0.09%| 0.03 |-0.06%| 0.03 0.05%
Upscale| 11.04 | -0.05% | 11.04 | -0.05% | 11.04 0.00%
10 | Zero 0.03 | -0.05% . 0.03 |-0.05%| 0.03 0.00%
Upscale| 11.04 | -0.05% 141.04- -0.05% | 11.04 | 0.00%
Cylinder ¢ Analyzer
Value Value
Zero 0.00 % 0.04 %
Upscale| 11.03 % 11.05. %
Span [ 2120 % 212 % |

All drift calibrations must be within 3% of the span value.
All bias calibrations must be within 5% of the span value.
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MSt/ Manitowoc PU
fManitowoc, Wi
No. 8 Boiler Duct
8/8/2012

. Co,
Pre- Post- % .
: Cal ! Cal Drift
* Initial Bias Final Bias Avg. of Span

Zero 0.03 0.00% 0.06 0.18% 0.05 0.18%

Upscale] 8.58 | 0.00% | 8.61 0.18% | 8.60 0.18%

Zero 0.06 | 0.18% | 0.06 | 0.18% | 0.06 0.00%

Upscale| 8.61 0.18% | 864 | 0.35% | 8.63 | 0.18%

Zero 0.06 | 0.18% | 0.07 | 0.24% 0.07 0.06%

Upscale| 864 | 035% | 865 | 0.41% | 8.65 0.06%

Zero 0.07 | 0.24% | 0.10 | 0.41% | 0.09 0.18%

Upscale| 865 | 0.41% | 866 | 0.47% | 8.66 0.06%

Zero 0.10 | 0.41% { 0.08 | 029% | 0.09 | -0.12%

Upscale| 866 | 0.47% | 864 | 0.35% | 8.65 0.12%

Zero 0.08 | 0.28% | 0.08 | 0.29% | 0.08 0.00%

Upscale| 864 | 0.35% | 867 | 0.53% | 8.66 0.18%

Zero 0.08 | 0.29% | 0.07 | 0.24% | 0.c8 -0.06%
Upscale] 8.67 | 0.53% | 8.62 | 0.24% 8.65 -0.29%
Zero 0.07 0.24% 0.06 | 0.18% | 0.07 | -0.06%
Upscale| 8.62 | 0.24% | 8.60 | 0.12% | 8.61 | -0.12%

Zero 0.06 | 0.18% | 0.06 | 0.18% | 0.06 _ 0.00%

Upscale| 860 | 0.12% | 862 | 0.24% | 8.61 0.12%

Zero 006 | 0.18% | 0.07 | 0.24% | 0.07 0.06%

Upscale] 8.62 | 0.24% | 8.61 0.18% | 8.62 -0.06%
Cylinder Analyzer
< Value __Response
Zero 0.00 % 003 %
Upscale} 854 % . 858 %

N\
Span [ 17.00 % . [ 17 % |-

All drift calibrations must be within 3% of the span value.
All bias calibrations must be within 5% of the span value.
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MSI/ Manitowoc PU

All drift calibrations must be within 3% of the span value.
All bias calibrations must be within 5% of the span value.

Manitowoc, Wi
No. 8 Boiler Duct
8/8/2012
Nox
Pre- Post- %
Cal Cal Drift
Initial  Bias Final Bias Avg. of Span
1 Zero -0.06 | 0.00% | -0.09 .| -0.01% | -0.08 -0.01%
Upscale| 113.50 | 0.00% | 114.40 | 0.36% | -113.95 0.36%
2 Zero -0.09 | -0.01% | -0.12 | -0.02% | -0.11 -0.01%
Upscale| 114.40 | 0.36% | 115.30 | 0.72% | 114.85 0.36%
--3--|- Zero -0.42 ]-0.02% | -0.06 | 0.00% | -0.09 0.02%
Upscale| 115.30 | 0.72% | 115.30 | 0.72% | 115.30 0.00%
4 Zero -0.06 | 0.00% | -0.15 | -0.04% | -0.11 -0.04%
Upscale} 115.30 | 0.72% { 114.40 | 0.36% | 114.85 | -0.36%
5 Zero -0.15 | -0.04% | -0.09 { -0.01%} -0.12 0.02%
Upscale| 114.40 | 0.36% | 114.70 | 0.48% | 114.55 | 0.12%
6 Zero -0.09 | -0.01% | -0.03 | 0.01% -0.06 0.02%
Upscale| 114.70 | 0.48% { 11440} 0.36% [ 114.55 | -0.12%
7 Zero -0.03 | 0.01% | -0.06 | 0.00% | -0.05 -0.01%
Upscale| 114.40 | 0.36% | 115.10 | 0.64% | 114.75 0.28%
8 Zero -0.06 | 0.00% { -0.03 | 0.01% | -0.05 0.01%
Upscale| 115.10 | 0.64% | 114.70 | 0.48% | 114.90 | -0.16%
9 Zero -0.03 | 0.01% | -0.09 | -0.01% | -0.06 -0.02%
Upscale| 114.70 | 0.48% | 115.10 [ 0.64% | 114.90 0.16%
10 Zero -0.08 | -0.01%| -0.09 |-0.01%| -0.08 0.00%
Upscale| 115.10 | 0.64% [ 115.70 | 0.88% | 115.40 0.24%
Cylinder Analyzer
Value Response
Zero 0.00 ppm -0.06  ppm
Upscale| 113.70 ppm 113.50 ppm
[ Span [ 251.00 ppm [ 251.00 ppm |
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MS! / Manitowoe PU
Manitowoc, Wi
No. 8 Boiler Duct

| Span [ 251.00

Al drift calibrations must be within 3% of the span value.
All bias calibrations must be within 5% of the span value.

8/8/2012
SO,
Pre- Post- %
Cal Cal Drift
Initial Bias Final Bias Avg. of Span
1 Zero 0.28 0.00% | -0.03 {-0.12% 0.13 -012% T
Upscale| 117.80 | 0.00% | 117.60 | -0.12% | 117.75 ;0.12%
2 Zero ;0.03 -0.12% | -0.03 | -0.12% -0.03 0.00%
Upscale 117.60 | -0.12% | 118.50 | 0.24% | 118.05 0.36%
3 Zero -0.03 | —0.12% -0.06 | -0.14% -0.05 -0.01%
Upscale] 118.50 | 0.24% | 118.20 | 0.12% | 118.35 | -0.12%
4 Zero -0.06 | -0.14% 0.28 0.00% 0.12 0.14%
Upscale| 118.20 | 0.12% | 118.50 | 0.24% | 118.35 0.12%
5 Zero 0.29 0.00% 0.06 | -0.09% 0.18 -0.09%
Upscale| 118.50 | 0.24% | 118.80 | 0.36% ‘ 118.65‘ 0.12%
6 Zero 0.06 | -0.09% | 0.34 0.02% 0.20 0.11%
‘ Upscale| 118.80 | 0.36% | 118.20 | 0.12% | 118.50 | -0.24%
7 Zero 0.34 0.02% 0.31 0.01% 0.33 -0.01%
I;}pscale 118.20 .0.12% 11940 | 0.60% | 118.80 0.48%
8 Zero | 031 | 001% | 0.19 |-0.04% | 0.25 | -0.05%
Upscale| 119.40 | 0.60% | 118.80 | 0.36% | 119.10 | -0.24%
9 Zero 0.19 | -0.04% | 0.36 0.03% 0.28 0.07%
Upscale| 118.80 | 0.36% | 118.50 | 0.24% 118;65‘ -0.12%
10 Zero 0‘36i 0.03% 0.33 0.02% 0.35 -0.01%
Upscale| 118.50 | 0.24% | 118.50 | 0.24% | 118.50 | 0.00%
Cylinder Ana.lyzer %
Value Response
Zero 0.00 ppm 0.28  ppm
Upscale| 117.80 ppm 117.90 ppm
ppm [ 251.00 pp‘m ]
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MiS1/ Manitowoc PU

Manitowoe, WI
No. 8 Boiler Duct
8/8/2012
cO
Pre- Post- %
Cal Cal Drift
Initial Bias Final Bias Avg. of Span
1 Zero -0.25 | -0.21% | -0.24 | -021% | -0.25 0.00%
Upscale| 112.84 | -2.02% | 113.00 | -1.95% | 112.92 | 0.06%
2 Zero -0.24" | -0.21% | -0.27 | -0.22% | -0.26 -0.01%
Upscale| 113.00 | -1.95% [ 112.70 | -2.07% ; 112.85 | -0.12%
3 Zero |-.-0.27.1.-0.22%|. -0.21_} -0.20%.] --0.24 | 0.02%.
Upscale| 112.70 | -2.07% | 112.60 | -2.11% | 112.65 | -0.04%
4 Zero -0.21 1 -020% (| -0.24 | -021% | -0.23 -0.01%
Upscale| 11260 | -2.11% | 112.60 { -2.11% | 112.60 | 0.00%
5 Zero -024 | -021%| 006 |-0.09%| -0.09 0.12%
Upscale| 112.60 | -2.11% { 111.80 | -2.43% | 112.20 | -0.32%
6 Zero 0.06 | -0.09% | 0.03 |-0.10% 0.05 -0.01%
Upscale| 111.80 | -2.43% | 111.20 | -2.67% | 111.50 | -0.24%
7 Zero 0.03. { -0.10% | 0.04 | -0.10% 0.04 | 0.00%
Upscale| 111.20 | -2.67% | 111.40 [ -2.59% 111.30 | 0.08%
8 | zero | 0.04 |-010%| 003 |-010%| 0.04 | 0.00%
Upscale| 111.40 | -2.59% | 110.90 | -2.79% | 111.15 | -0.20%
9 Zero 0.03 |-0.10% | 0.06 | -0.09% 0.05 0.01%
Upscale| 110.90 | -2.79% | 110.90 | -2.79% { 110.80 | 0.00%
10 Zero 0.06 |-0.09%| 0.00 |-0.11% 0.03 -0.02%
Upscale| 110.90 | -2.79% 110.SO -2.83% | 110.85 | -0.04%
Cylinder Analyzer
Value Response
Zero 0.00 ppm -0.25 ppm
Upscale| 111.60 ppm 112.84 ppm
[ Span [ 111.60 ppm [ 111.60 ppm = |

Al drift calibrations must be within 3% of the span value.
All bias calibrations must be within 5% of the span value.
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Interpoll Laboratories
(763) 786-6020

Method 20 NO, to NO Converter Efficiency Datasheet

Job MSI / Manitowoc PU

Source No. 8 Boiler Duct
Date - - 8/8/2012
Operator Rory Eiynck =
Analyzer - TECO Model 42i-LS (NOx)
- Analyzer S/IN 615216883 -
NOx
Time (min) Response
5:10 AM 48.53
511 AM 48.59
&5:12 AM 48.50
5:13 AM 48,51
5:14 AM 48.57
5:15 AM 48.53
5:16 AM 48.44
5:17 AM 48.42
518 AM’ ) 48.40
5:19 AM 48.51
5:20 AM 48.45
5:21 AM 48.49
5:22 AM 48.53
5:23 AM 48.43
5:24 AM 48.49
5:25 AM 48.60
5:26 AM . 48.56
5:27 AM 48.44
5:28 AM 48.50
5:28 AM 48.44
5:30 AM ' 48.48
5:31 AM 48.57
5:32 AM 48.54
5:33 AM 48.48
5:34 AM 48,52
5:35 AM 48.47
5:36 AM 48.41
5:37 AM 48.41
5:38 AM 48.44
5:38 AM 48.48
Highest Peak Value 48.60
Percent Drift 0.2%
System Pass of Fail PASS

Instructions: Add mid-level gas to a leak-free Tedlar bag. Dilute the gas with 20.8% Oxygen to approxnmately'
1:1. Then immediately attach the bag to the instrument and record the Nox Reponses for 30 minutes. The system is
OK if the response at the end is less than 2.0 % of the highest response.

" NO2 tp_- NO Converter Efficiency
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INTERPOLL LABORATORIES, INC.
(763) 786-6020

EPA Appendix A Stratification Test

Job: MSI / Manitowoc PU Date: 8/8/2012
Source: No. 8 Boiler Duct Personnel: RE/AS
Test 2 Bar. Press. (in. Hg) 29.38
PDT Number 85/138
Measurement Response Time: 109 seconds-
Stack Diameter 60.00 in. Port Length in. 16.00
. Fraction Distance Distance S0, NOx Oz Cco,
Traverse of From Stack From End ppm ppm % Yo Time
Point Diameter | Wall (in.) of Port (in.) (wet) {wet) (dry) (wet) (min)
1 0.17 10 . 26.00 4510 73.76 4.86 13.12 7:05
2 0.50 30 46.00 60.40 64.63 4,80 13.15 7:12
3 0.83 50 66.00 63.31 59.61 4.87 13.10 7:19
Average 56.27 66.00 4.84 13.13
Largest Value 63.31 73.76 4.87 13.15
Smallest Value 45.10 59.61 4.80 13.10
%Deviation 40.37% 23.74% 1.40% 0.40%

* A single sampling point was used for each test run.
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—

ime

7:05:00
7:06:00
7:07:00
7.08:00
7.08:00
7:10:00
7:11:00

Average

o

ime
7:12:00
7:13.00
7:14:00
7:15:00
7:16:00
7:17:00
7:18:00

Average

—~

Time
7:18:00

- 7:20:00

7:21:00
7:22:00
7:23:00
7:24:00
7:25:00

Average

S0,
38.46
41.24

4414

52.36
44.87
43.21

51.42

4510

54.14
61.13
65.51
59.16
63.18
59.05
60.65

60.40

S0,
60.23
68.63
£66.56
65.38
62.99

5765

61.7

63.31

MSi / Manitowoc PU
Manitowoc, Wl -
‘No. 8 Boiler Duct
-8/8/2012

Nox
78.19
77.63 -
741
72.52
72.4
71.47
69.99

73.76

Nox
66.74
67.67
64.91
63.81
64.37
62.67
62.23

64.63

Nox
60.89
60.79
59.39
59.59
58.52
58.38
58.58

58.61

9O,
4.971
4.885
4.829

4,785

4.839
4.832
4.873

4.86

O,
4.78
4.75

4.802
4.787
4.816
4.865
4812

4.80
O

4.874
4.809

4.812

4796
4.876
4.994

'4.927

4.87

CO,
13
13.13

C 1312

13.18 -
13.16
13.14
13.13

13.12

€0,
13.17
13.20
13.16"-

- 13.17

13.12
13.08
13.17

13.15

€0,
13.12
13.15
13.15
13.18
13.08
12.96
13.06

13.10
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APPENDIX C

CALIBRATION GAS CERTIFICATION SHEETS
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{SO 2001: 2008

Linde SPECTRA Environmental Gases, 80 Industrial Drive, Alpha NJ 08865

EPA PROTOCOL MIXTURE

CERTIFICATE OF ANALYSIS
' PROCEDURE # : G1

PGVP ID#: 112011 GAS CODE: SNC
CUSTOMER: Linde Gas North America Hammond Plar CYLINDER #: CC-18392
SALESH#: 108231765 CYLINDER PRES: 2000 PSIG
PROD#: - 1183589 CYLINDER VALVE: CGA 660
P.O#: 4501785436 CYLINDER SIZE: 2A
MATERIAL#: 24089260 CYLINDER MATERIAL: Aluminum
CERTIFICATION DATE: 13-Jul-2011 GAS VOLUME: 4000 Liter
EXPIRATION DATE:  13-Jul-2013 BLEND TOLERANCE: 5% Relative
o L : PAGE! 1 of 1
CERTIFICATION HISTORY.
: DATE OF MEAN CERTIFIED ANALYTICAL S
COMPONENT ASSAY CONCENTRATION| CONCENTRATION ACCURACY
Carbon Monoxide 06-Jul-2011 50.12 ppm 50.2 ppm +-1%
' ‘ 13-Jul-2011 50.32 ppm
Nitric'Oxide 06-Jul-2011 49.99 ppm 49.9 ppm +- 1%
13-Jul-2011 49.9 ppm
NOx 49.9 ppm Reference Value Only
. Sulfur Dioxide 06-Jul-2011 50.41 ppr 50.2 ppm 1%
13-Jul-2011 49.92 ppm -
BALANCE Nitrogen
PREVIOUS CERTIFICATION DATES: None
REFERENCE STANDARDS
COMPONENT SRM/NTRM# CYLINDER# CONCENTRATION
- Carbon Monoxide GMIS-1 CC-19898 100.4 ppm
Nitric Oxide GMiS-1 CC-202748 98.9 ppm
Sulfur Dioxide NTRM-81694 CC-162819 96.1 ppm
INSTRUMENTATION
' COMPONENT MAKE/MODEL SERIAL # DETECTOR CALIBRATION
‘DATE(S)
Carbon Monoxide Horiba VIA-510 Ho002L2Y NDIR 27-Jun-2011
Nitric Oxide CAl 400-CLD 6L.09004 Chemil 28-Jun-2011
Sulfur Dioxide Horiba VIA-510 851221083 NDIR 21-Jun-2011

THIS STANDARD IS NIST TRACEABLE. IT WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES
DO NOT USE THIS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG.

ANALYST

.Lb

J JUSTIN

. ‘7/\;// 6

KUTZ()

(908) 328-5700 Main

Linde Gas North America LLC

www.Lindeus.cfm

(908) 329-9740 Fax’

DATE:

13-Jul-2011
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ISO 9001:2008 Linde SPECTRA Environmental Gases, 80 Industrial Drive, Alpha, NJ 08865

EPA PROTOCOL MIXTURE
PROCEDURE #: G1

CERTIFICATE OF ANALYSIS |

PGVP ID#: 112012 GAS CODE: SNC
CUSTOMER: HAMMOND CYLINDER # : CC-127409
SALES#: 501103829 CYLINDER PRES: 2000 PSIG
PROD#: 1218583 * CYLINDER VALVE: CGA 660
P.O#: 4501103829 CYLINDER SIZE: 2A
MATERIAL#: 24086350 CYLINDER MATERIAL: Aluminum
CERTIFICATION DATE: 11-Jun-2012 GAS VOLUME: 4000 Liter
EXPIRATION DATE: 11-Jun-2014 BLEND TOLERANCE: 5% Relative
PAGE: 1 of 1
CERTIFICATION HISTORY
DATE OF MEAN - CERTIFIED ANALYTICAL
COMPONENT ASSAY CONCENTRATION| CONCENTRATION ACCURACY
Carbon Monoxide 31-May-2012 111.3 ppm 111.6 ppm +- 1%
11-Jun-2012 112.0 ppm '
* Nitric Oxide 04-Jun-2012 113.8 ppm 113.7 ppm +-1%
11-Jun-2012 113.5 ppm
NOx 113.7 ppm Reference Value Only|
Sulfur Dioxide 04-Jun-2012 117.6 ppm 117.8 ppm +- 1%
11-Jun-2012 118.0 ppm
BALANCE Nitrogen
PREVIOUS CERTIFICATION DATES: None
REFERENCE STANDARDS
COMPONENT SRM/NTRNE# CYLINDER# CONCENTRATION
Carbon Monoxide GMIS-1 cc-279063 500 ppm
Nitric Oxide GMIS-1 CC-143752 254 ppm
Sulfur Dioxide GMIS-1 CC-118364 355 ppm
INSTRUMENTATION
COMPONENT MAKE/MODEL SERIAL # DETECTOR CALIBRATION
DATE(S)
Carbon -Monoxide Horiba VIA-510 570423011 NDIR 01-Jun-2012
Nitric Oxide CAl 400-CLD 6L09004 Cheml 24-May-2012
Sulfur Dioxide Horiba VIA-510 851221093 NDIR 04-Jun-2012

THIS STANDARD IS NIST TRACEABLE. IT WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES.
DO NOT USE THIS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG.

DATE:

11-Jun-2012

Linde Gas North America LLC
JUSTIN KUTZ d

(908) 328-8700 Main (908) 3239-9740 Fax
www.Lindeus.com
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CERTIFICATE OF ANALYSIS

EPA PROTOCOL MIXTURE

, PROCEDURE # : G1
PGVP ID#: 112012 GAS CODE: OC2
CUSTOMER: " HAMMOND CYLINDER # : CC-106969
SALES#: 501117489 CYLINDER PRES: 2000 PSIG
PROD#: 1222894 CYLINDER VALVE: CGA 590
P.O#: 4501117489 "CYLINDER SIZE: 2A
MATERIAL#: 24086339 CYLINDER MATERIAL: Aluminum
CERTIFICATION DATE: 12-Jul-2012 GAS VOLUME: 4000 Liter
EXPIRATION DATE: 12-Jul-2015 BLEND TOLERANCE: 5% Relative
PAGE: 1 of 1
CERTIFICATION HISTORY ‘
DATE OF MEAN CERTIFIED ANALYTICAL
COMPONENT ASSAY GCONCENTRATION| CONCENTRATION ACCURACY
Carbon Dioxide 12-Jul-2012 8.54 % 8.54 % +H- 1%
Oxygen 12-Jul-2012 11.03.% 11.03 % +-1%
BALANCE Nitrogen
10US CERTIFICATION DATES: None
REFERENGCE STANDARDS :
‘CEOMPONENT SRM/NTRM## CYLINDER# | CONCENTRATION _
Carbon Dioxide GMIS-1 CC-109878 9.98 %
. Oxygen NTRM-82659Y Ce-237244 2452 %.
‘ +
INSTRUMENTATION i}
COMPONENT MAKE/MODEL SERIAL # DETECTOR CALIBRATION
' DATE(S)
Carbon Dioxide CAI-300 S03001 NDIR 10-Jul-2012
Oxygen CAI-300 S030071 PM 28-Jun-2012

™ ' ) .
THIS STE{\ND@RD IS NIST TRACEABLE. IT WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES.
DO NOT 0§EXTHIS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG.

N\

ANALYSTY ’

MATTHEW JACKSON

(808).329-8700 Main’ ]
www.Lindeus.com

“Linde Gas North Amearica LLC

3

(908) 329-9740 Fax

DATE:

12-Jul-2012
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ISO 9001:2008

CERTIFICATE OF ANALYSIS

Linde SPECTRA Environmental Gases, 80 Indus

trial Drive, M.,

EPA PROTOCOL MIXTURE

PROCEDURE #: G1
PGVP ID#: 112011 GAS CODE: 0OC2
CUSTOMER: Linde Hammond Plant CYLINDER #: CC-75412
SALES#: 108158693 CYLINDER PRES: 2000 PSIG
PRODi: 1180101 CYLINDER VALVE: CGA 590
P.O:: 4501778098 CYLINDER SIZE: 2A
MATERIAL#: . 24090596 CYLINDER MATERIAL: Aluminum
) CERTIFICATION DATE: 03-Jun-2011 GAS VOLUME: 4000 Liter
EXPIRATION DATE: 03-Jun-2014 BLEND TOLERANCE: 5% Relative
_ PAGE: 1 of 1
CERTIFICATION HISTORY , :

, : DATE OF . MEAN - CERTIFIED ANALYTICAL
COMPONERNT ASSAY CONCENTRATION | CONCENTRATION ACCURACY
Carbon Dioxide '03—Jun-2011 17.00 % 17.00 % +- 1%

Oxygen 03-Jun-2011 21.2% 212 % +-1%
'BALANCE Nitrogen
PREVIOUS GERTIFICATION DATES: None
REFERENCE STANDARDS
COMPONENT SRM/NTRM# CYLINDER# CONCENTRATION
Carbon Dioxide NTRM-981004 CC-79852 20.00 %
Oxygen NTRM-82659X CC-83903 22.80 %
e NS FRUBMENTATION i
COMPONENT MAKE/MODEL SERIAL # DETECTOR CALIBRATION
DATE(S)
Carbon Dioxide CAI-300 .S03001 NDIR 12-May-2011
Oxygen CAl 300 S03001 PM 13-May-2011

THIS STANDARD IS NIST TRACEABLE. IT WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES.
DO NOT USE THIS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG.

ANALYSTm(;ﬁCE Lo DATE: __ 03-Jun-2011

MATTHEW JACKSON

10507

(908) 329-9700 Main

www.Lindeus.com

(908) 329-3740 Fax
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Linde SPECTRA Environmental Gases, 80 Industrial Drive, Alpha, NJ 08865

T iSO 8001:2008

e S R SR N eI

CERTIFICATE OF ANALYSIS 'EPA PROTOCOL MIXTURE
-, PROCEDURE # : G1

: PGVP ID#: 112011 GAS CODE: SNC
-+ CUSTOMER: LINDE GAS NORTH AMERICA CYLINDER #:.CC-131154
© SALES#: 108553301 CYLINDER PRES: 2000 PSIG
o PROD#: 1199023 CYLINDER VALVE: CGA 660
‘ PO#: 4501795868 CYLINDER SIZE: 2A
MATERIAL#: 24089260 CYLINDER MATERIAL: Aluminum
- CERTIFICATION DATE: 05-Dec-2011 GAS VOLUME: 4000 Liter
i - EXPIRATION DATE: 05-Dec-2013 BLEND,TOLERAN'@;%; 5% Relative
. ' : PAGE: 1 0f 1. -
CERTIFICATION HISTORY T
DATE OF MEAN CERTIFIED ANALYTICAL
COMPONENT ASSAY | CONCENTRATION |- CONCENTRATION " ACCURACY
Nitric Oxide 28-Nov-2011 250.7 ppm - 251 ppm +-1%
05-Dec-2011 251.0 ppm
’ NOx 251 ppm Reference Value Only
i Sulfur Dioxide 28-Nov-2011 251.2 ppm 251 ppm +- 1%
2 05-Dec-2011 251.2 ppm
: Carbon Monoxide 28-Nov-2011 252.9 ppm 253 ppm +/- 1%
.‘ ' 05-Dec-2011 252.5 ppm
| : .
BALANCE Nitrogen
i PREVIOUS CERTIFICATION DATES: None
‘ REFERENCE STANDARDS
| COMPONENT SRM/NTRM# CYLINDER# CONCENTRATION
’ Nitric Oxide GMIS-1 CC-143752 254 ppm
Sulfur Dioxide GMIS-1 CC-197153 493 ppm -
; Carbon Monoxide GMIS-1. CC-118482 502 ppm
; INSTRUMENTATION . : .
COMPONENT MAKE/MODEL SERIAL # DETECTOR CALIBRATION
e e el 1D T e - RS .o L DATE(S)
~ Nitric Oxide CAl 400-CLD 6L09004 Chemi 14-Nov-2011
Sutfur Dioxide Horiba VIA-510 851221093 NDIR 15-Nov-2011
Carbon Monoxide Horiba VIA-510 570423011 NDIR' 07-Nov-2011

THIS STANDAF}{D 1S NIST TRACEABLE. IT WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROGEDURES.

T
THIS, STANDARD-IE THE CYLINDER
; \\N .
i . .
\:’; ’

DO NOT USE PRESSURE IS LESS THAN 150 PSIG.

DATE: 05-Dec-2011

ANALYSTi Linde Gas North America LLC .
MATTHEW JACKSON . .

(908) 326-5700 Main (908) 328-9740 Fax
www.Lindeusscom

.5’/) ;/77/)
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APPENDIX D

GAS ANALYZER SPECIFICATIONS
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Dry i ‘__I

.'Inimgl'_ux:t:ibn )
Specifications

NO,, and NO concentratiois to the front Pancl display, the analog
outputs, and alao makes che data avadab]c over the scmal ot ethernet

COIL'IQCH QOIl.

Fiow Gj

Anclog’ Ou..,L'r"

”zcha\o

Séaipig. O— e
. Cépilidry | . :
: 3 Sécusbgr

Convecter

(

190 M)

Tigiar Tuteu {s. '
Cieanser j—C\”hfnur\ icofion Protacsis
H —— .

NQz-——NQ

NO, b‘odc)

Eur"h;.v

" s Génverter/Serubtier

Figure 1+1. Mode] 427 Lové Soures Flow Schematio

Specifications.  Tabie 1-1. Modsl 421 Low Source Specifications

—
N
Thermy Eiectron Corporgtion

Presat raniges

15,%:25,10,20, §0, o )
0:0.5,1,2,5, 10,20, 50, 105, 153 g/

. Extended fanges

01, 2.5, 10,20, 50, 100, 200, S00pem
89,5, 10, 20, 50, 100,205, 500 750 mg/m?

Cusstori fanges:

0-0.2.1p 100-ppm {0-1 to 500 Ppm In exterided rangst)
00510150 mg/m {02 19,750, mg/m in extended ranges}

“Zero hise -

0.005 ppr RS {60 second averggtﬂg  time)

Lawe; detectab[a fimit,

£.01 pprm {50 second averaging time}

Zefo drift (24 hourt

“Span G {Zéheu, 1% fulkscale
Response time 15 sec¥0 second-averaging fime) -

(NG/NG, modé)

85 sec [60'second averaging time)
305 sec {300 second averaging timel:

47t Law Solifce Instruction Manval £33
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Intradgctinn
Specifications

14

Responsa time 15 sec {10.secand averaging time)
(NG mode] 65 sec.(60 second averaging Lime}
305 sec [300-second averaging time),
Lingarity. & 1% full-scale _
Sz’arﬁple flow rate. £.25 &c/iin. masured at a{rﬁbsﬁﬁeric pfe'Sure .

Q_pereﬁn'gj[empél’aﬂl.l‘ g 1538 “C fmaych be safely. operated over the range of [I——45 °C)'"

Poer requirements 0g \/AC @50760 Hz

115 VAT @50/60 HZ
220740 VAC @ 50/60:Hz
300" watts
Physical dtignsions 1675 (W) X862 (1 X 23'(0)
E\Neight Appmxxmatery B5:Ibs,
" Analog outputs; B'valtage difputs; T-10071aY, 1Y, 5V, 10V {User’ selectable) 5oof

fiyll-scale over/under range; 12 bit résclution, usér selégtabli for
measurement input

MPU00933

.

€

€

€

D_igi;ta'l'ppgtpm_s 1 power fail ‘refay Form C, 10 digital tefays Form A, isser seléctable: -
alarm output telay Ioglo 100, mA @200 \/DC
Digital inuts 16 u”«gltai inputs, &ser sélect prograninable;, TTL level, pulled high
Serial Ports © 1RSZ3z0r HS~485 with twe gonnectors, baud rate 1200-115200, . :
: data bits, parity; and stop bits, protocols: C-Link, MODBUS, and =~ ™~

stteamlng data (ail liser selsctable) :
‘Ethernet connection RJ45 connectorfor was Ethemet connectlon static or dynam;c

TCP/IR adu‘ressmg ‘
!E ;t‘)hﬁﬁondansmg enviromments: Pesfoimancé specifications: based on operahon i- 15—35 °C range.

“Tharmo.Electron Cogioration




_ Display:

v
Flashlemp

. Hydrocarbon

_Micker

Cordénsing
A Leng

niroductios
Spetifications

Analog Oufputs. - )
Digital Quipuwis -
E-v-—'-@umubir::';ﬁb:i Prafedbls,

A Mrrar
Assambly

-»M“ISOI‘

Sl e —
b

Exhoust O

‘o~

Trénsducer. 1. . .
]( Copitlary:

R

Figure 11, Motlel 43; Flow Schematic

Specifications  Table 11, Mods 43 Spegifcations

Thermo Eleciror Cofparaton

Preset ranges-

02,051 2,5.10,20, ZSmg/m

Elecironics

—l Phatsdetector

. ka  Optical Chammber

“Extended rafigss

6-0.5;1,2,5:10,20,50, 100 ppi
042.5,:10,20, 50, 100, 208, 250 mg/m?’

Custom ranges:

D 0.0540 10:ppm (G -0.8 16100 ppm. in extendad range)
0710 75 mg{m {07 to 250°'ma/m®in extended range) _

“Zerg foise

"1.0.8b-RMS {10 sedond averaging tim)

0:5.ppl RMS (60 secarid averaging time)

D253 ppb RMS {300 sscarid: svaraging time)

Lower detectable fimit

2.0 pp{10 second averaging fime)
- 1.07ph 160 second averaging time)

0.5:pp {300 second averaging fime}

76 i {24 b

<1

*Sgan dft

£ 1% fuli-scale:

Raapanse timefin’

80 sec{10 second averaging fims)

110 82060 sgoond averaging fime]

‘320 3681300 sstncveraging firi)

£ 7% df fulk-geale

Lina’aﬁgf ) _

. 43 Tostchion Manual 13
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Intrpduetion
Specifications

.

431 Instruction Manual

Sample flow rate. 0.5 LPM (standard)
. 1(PM (op’uonal)
Interferences (testédat”  less than lawer de’fectable limitexcept for the following:

lévels spetified by EPAY

NO: < 3'ppb; tested &t 500 ppb-M-Xylens: tested at 200 ppb HoO

tested: at2"/c Gf reading

’ Dperaii:gg:temﬁerature_ " 20730 °C [may be safely nperated over he range of 045 "C}
Power 'requiiefnenis- - :100 VAC@ 50/‘60 Hz
115 VACL@ 50/80.Hz
290-240 VAT @ 50/60 Hz
165
Phys'icél-[ﬁiﬁéﬁéibhé' . '15'.75"’ IW) X8.62" [H) X253 (D )
Weight Approsimately 480s,

Analog outputs:

B: voitage uutputs 0io0my, 1, 5 10Y (user seléciahle), 5% of

filll-scale over/under range, 12 bltresolutron user salectablefor
measurement input

Digital outouts

1 power fail rlay | Fonu C: 10 d|g|tal relays Form A, user selectah]
alarm output, refay legic, 160 mA @700 Ve

Digital inputs

16.digital inputs, user seléct programma‘bie,}'[t Jevel,pulled high

" Serial Parts

1 RS-232 or RS-485 with twio. connecors, baud rate 1200115200,

‘data bits, parity, and.stop-bits, pritocols: C-Link, MODBUS, and N

streammg data ( all user selectable}

" Ethermnbt connéction’

RUA45 cdfinector for 10Mbs Fthernet chaneétion, static-of dynamic
TCP/IP addvrédsifig

" In'non Gondénsing efironments. Performarice Specifications haSed 6 pération witkiin 20-30 °C rafige.

Tahle 12, Mode 43: G}ﬂﬁoh’al Perméeation Dven Specifications

_‘:Tempégmr.e. comiol  Single Point 45 °C

Tetpefatyre stapility’  £0.1°C

Wéﬁanp fie 1 hour (p‘a‘rmeat‘ibn device can‘tak 2410 48 hours to stabilize)
Carfergasflow. »70'sce/mir 5
‘ Chamber sizg ' ' Actents Permeation tibes up th 9 i intdtal lBngth; ) e

diameter .

 Temperatur @n‘gé 20-30 °¢

Physical dimensions-- Cantaingd inside the Model 43 .

Power requirements: 120 VAC @ 50/80 Hz, 50 watts {in addifion fo the standard Modl

T 433
Weight Approximatedly 5 Iis. (in-addition 1o the standard Model 43
Thermo Elsctran Carporation

MPUO00935




Specifieations

Thesmg Hecton Sorpeistion

Introduction .
Specifications
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Figure.1+1, Model 410:Flow Schematic

Tahle.i~1. Madel 410/ Spedifications

C@a

. 700,500 1000,.2000, 5000, 1
High Lével: 60.5:1, 2,5, 10, 20, 25%

Custom ranges,

' S‘tanﬂ_ar,d:.'.G'rZQ@iO 10060 ppm

High Level; 0-0.5.t0.25%

Zeforise

-Standard: 0.5 pom RMS (80 secdnd avéraging tifme}

High Leval: 20 ppin RMS-{80 setdnd averaging time}

Minimon detgetabls”

litnft

Standard:1 ppm _
ngh Level: 40 jelalioy

A Zero ditt {24 hour)

=1.0ppm

Sfan-drift {24 Hour)

- & 2% Span cone&iitration

Response time:

80 secands (30 second averaging.time)

. Unearity K

= 1;5% of span [t congenirations of 10 to 100%.0f span)

" Sarmpl Flow rafe

1.0PM

-Oparating temperature

54T
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fatroduction
Specifications

Eﬁéwér;ré;'ﬁuirein'gh'ts' ‘ 100VAC 0/6 z . A R
115.VAC @ 50/80 Hz
20-240VAG @ 50760 Hz )
275 atts. -
Phijsical diensions ™~ “46.75" (W} X8.62" (H] X230} -
Wetght Approxiiately. 33 1bs: ~
* Analog outputs § voltage oufpyts; 0-106:mY, 1, 5.. m\l(User se}ec’sable) 5%af -
full scale over/underrange i2bst resolistion, user seéeciabiefor —
. . Theasurement lnput‘ w
Digital outputs © 1 power fail relay. Form G, 10 digital relays Form A, uset seiectable —
. ialann ‘output; Telay logic, 100 200.YDE o
Digitalinpits '15 d;gltalmputs usér-seleet programiable; TTL, leve pulled high Xﬂ‘
Serial Ports ‘ "1 RS-232 or RS-485 with two corinectors, béud rate 1200-115200, .
Prothcbls: G-Lirik, MODBUS, and streamifig data {all usef L
selectahle) e

Ethemiatednnéction  RJ4S cohiector Tor 10Mbs Eihiernet connecfion, stati o dynamic
TCP/IPaddiessing:

‘-4 Model 410 Instfuction Maniial- Thermo Electron Corporation

MPUO00937



MODEL 1420 SERVOMEX PARAMAGNETIC O, ANALYZER SPECIFICATIONS ‘

Repeatability:

Better than + 0.2% O2 under constant conditions °

Less than 0.2% O2 per week under constant

* conditions. (Bxcluding variation due to barometric

Oufputs
Display

Qutput

Option

Flow alarm output

Sample Requirements
Condition

Inlet pressure

f‘low rate
" Filtering

Response time

pressure changes; is

barometric pressure

reading proportional to

3 % digit LCD reading 0.0 to 100.0% oxygen with
over range capability

0 to 1V (non-isolated) for 0 to 100% oxygen .
available on ‘D’ type comnector located on the back -
panel of the instrument. Output impedance is less
than 10 ohms. A

4 —20mA isolated, Max impedance 500 ohms .

Change over relay contact rated at
3A/115V ac, 1A/240V ac or 1A/28V de. 4

sets of single pole changeover contacts.

Alarm becomes active when sample gas
flow through the analyzer fails

Clean, dry gas with dew point 5 deg C below
ambient temperature

0.5 1o 3 psig (3.5 to 21kPs). Inlet pressure
changes within this range will change the
reading by less than 0.1% O2. May be -
operated up to 10 psig (70kPa) Wlth degraded
stability

1.5 to 6 litres/minute approximately depending
on sample pressure

0.6 micron replaceable flter integral to the
automatic flow contro! device.

Less than 15 secs. To 90% at an inlet pressure

of 3 psig (2 lkPa)

Inlet/vent connections

Vs inch OD tube (stainless steel) suitable for

* 6mm ID flexible tubing or % inch OD

compression fittings.

Z\WordMethods\Ansalyzer Spees\Dilution Trafler\Servomex O2.doc )
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Miaterials exposed to the sample

Stainless steel, Pyrex glass, brass, pllaﬁnum

_ 6poxy resin, viton, polypmpylene and glass

Physical Chara cteristics
Case

Case Classiﬂcation

Weight

Electrical
AC Supply

fibre filter

Steel and aluminum finished in epoxy powder
paint.

IP 20 (IEC 529) when fitted info the Servomex

1400 series 19 inch case

10Kg (22 1b) approximately

110 10 120V AC or 220 t0 240V AC, +10%,

48 to 62Hz. Voltage selected by a voltage

Power required

Z:\Word\Methods\Analyzer Specs\Dilution Trailer\Servomex 02.doc

selector integral to the IEC supply plug

15VA maximum
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~ APPENDIX G

SAMPLE TRAIN CALIBRATIONS
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Date: .

" Technician:

INTERPOLL LABORATORIES, INC.
(763) 786-6020

Stack Sampling Depairtment - QA

Field Barometer Calibration Sheet

Mercury Column Barometer Number:
Aneroid Barometer Number:

6/25/2012 -

Rory Eiynck

Weighing Room Barometer

Ultimeter #3 (Rory's)

Temperature

Difference

.Reference Mercury Ambient Adjusted Mercury Initial Field
Barometer Reading Temperature Correction Barometer Reading | Barometer Reading | (Pba - Pom)
: Factor _
29.34 .78 0.132 29.21 29.19 -0.018

Weighing room barometer setup: .
1) Using the set screw on the bottom of the barometer, adjust the level of the mercury reservoir to the point that
the level indicator makes slight contact with the mercury. A flashiight can aid in seeing the dimple formed

when the level indicator makes contact with the mercury.

2) Slide the measurement ruler on the barometer to the point where the bottom of the ruler is in line with the top
of the mercury column's reverse meniscus. Record the reading (in. Hg)

3) Take a temperature reading and record the temperature correction factor from the lookup table near the barometer.

4) Apply the temperature correction factor to the mercury barometer.

5) Adjust the field barometer reading to within +/- 0.1 in. Hg of the reference barometer reading.

Has this barometer shown any consistent problems with calibration? Has the problem been alleviated?

Note: Aneroid barometers will be calibrated periodically against a mercury column barometer.
The aneroid barometer to be calibrated should be placeddn close proximity to the mercury barometer
and left to equilibrate for 20 - 30 minutes before calibrating. Aneroid barometer will be calibrated to

the adjusted mercury barometer readings.

Alternative Calibration Procedure: .
1) Obtain the stafion value or absolute barometric pressure Pr from a nearby Nationa! Weather Service station and its elevation (A)

in feet above sea level.

2) Determine the elevation (B) in feet above sea level of the site of the field barometer.(local airport)
3) Calculate the site barometric pressure (Pb) as foll ’ '

OWS: .
Pb = Pr + 0.001 (A-B)

4) Compare the field barometer reading against Pb obtained in step 3.
5) Adjust the field barometer reading to within +/~ 0.1 in. Hg.
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INTERPOLL LABORATORIES, INC.
(763) 786-6020

Temperature Measurement Device Calibration Sheet

Unit under Test:

Vendor Omega
Model hh-81
Range 0-2100 °F
67252012

Date of Calibration

Method of Calibration:

Serial Number 201108
Thermocouple Type Type K
Technician Rory Eiynck
PDT Number 85

-

Omega Model CL-300 Type K Thermocouple Simulator which provides 22 precise temperature equivalent millivolt signals.

The CL-300 is cold junction compensated. Calibration'accuracy is +/- 0.1 % of span{2100 oF) +/- 1 degree (for negative

temperatures add +/- 2 degrees). The CL-300 simulated exactly the millivoltage of a Type K thermocouple at the

indicaled temperature.

Desired Temp. Response of Unit Under Deviation
(°F) Nominal Test (°F) At(°F) %
0 7 7 1.622
100 101 1 0.179
200 209 9 1.364
300 303 3 0.395
400 405 5 0.581
500 501 1 0.104
600 606 6 0.566
700 701 1 0.086
800 806 6 0.476
900 902 2 0.147
1000 1007 7 0.479
1100 1105 5 0.321
1200 1207 7 0.422
1300 1306 6 0.341
1400 ° 1407 7 0.376
1500 1508 [ 0.306
1600 1607 7 0.340
1700 1704 4 0.185
1800 1803 3 0.133
1500 1904 4 0.169
2000
2100 Ol.: .
Average: 5 0.425

OF = off scale response by unit under test (oF)
] Unit was in tolerance
( Must be within +- 1.5% absoiute referenca temparature)

] Unit was not in tolerance : Recalibrated see new calibration sheet or

unit put out of service,

% dev = 100AU(460+)
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" Temperature Measurerﬁent Device Calibration Sheet

Unit under Test:

INTERPOLL LABORATORIES, INC.
(763) 786-6020

Vendor Cen Tech Serial Number 6048682
Modet 92242 / Thermocouple Type Type K
Range 0-2000 Technician Mike Bonham
Date of Calibration Cwpmot2 - -- PDT Number 138
Method of Calibration: '
Omega Mo@el CL-300 Type K Thermocouple Simulator which provides 22 precise temperature equivalent millivolt signais. -
. The CL-300 is cold junction compensated. Calibration accuracy is +/- 0.1 % of span(2100 of) +/- 1 degree (for negative
temperatures add +/- 2 degrees). The CL-300 simulated exactly the milivoltage of a Type K thermocouple at the
indicated temperature.
Desired Temp. Response of Unit Under Deviation
(°F) Nominal Test (°F) AL(F) %
0 8 S 1.918
100 103 3 0.533
200 210 10 1.483
300 304 4 0.524
400 405 5 0.578
500 501 O ) 1 0.104
600 605 5 0.469
700 700 0 0.000
800 804 4 0.318
900 901 1 0.073
1000 1006 6 0.408
1100 1103 3 0.182
1200 1204 4 0.240
1300 1301 1 0.057
1400 1404 4 .0.215
1500 1503 : 3 0.153 .--
1600 1604 4 0.194
1700 1700 0 0.000
1800 1800 0 0.000
1900 1901 i ' 1 0.042
2000 2000 0 0.000
2100 .
‘ Average: 324 0.3577
OF = off scale respanse by unit under test (oF) . ’ ‘;/u deV=‘1DD!_\U(4SO-r1_:)

3 unit was in tolerance
( Muist be within +- 1.5% absokuts reference temperature)

] Unit was not in tolerance : Recalibrated see new calibration sheet or
unit put out of service.
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APPENDIX H

PROCEDURES .
Please Note: In an effort to conserve paper,
the procedure section of the appendix has been
reserved for explanations of EPA methodology
deviations. Please refer to the specific
EPA Methods on the following EPA website:
http:/fwww.epa. gov/ttn/emc/
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CALCULATION EQUATIONS
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data; ‘correct each wet CEMS run using the correépondihg CEMS

moisture monitor date using Equation 2-1.

Concentration . -

‘Eq. 2-1

co trati ey =

oncentration ., T3

12?1.2 Correction to Units of Standard (as
applicable). Correct each dry RM run to the units of the

emission,sfandard with the cdrrespénding Method 3B data;
correcﬁ eaéh dry CEMS run usiné the cofrespondiﬁé CEMS
diluent @Qnito; data asvfollowé: 4

12.1.2.1 Correct to Diluent Basis. .The fbllowing is

an example of concentration (ppm) correction to 7% oxygen.

20.8-7.0

PP™eomsy PP ugeorn | 30.9-30 . Eq. 2-2

2(dxy)
fhe:féllowing is an exaﬁple of mass/gross calorific
value (lbs/million Btu) correction.
1bs/MMBtu = CORC |4y (F—factér) (20.9/20.9- %bg
12.2 Arithmetic Mean. Calculate the arithmetic mean

. of the difference, d, of a data set as follows:, N

PR

'E=—l—Edi . Eq 2-3
oL i=1 . . L

where:.

n = Number of data points.

n .
_E:d_i = Algebraic summation of the individual differences d;.
=
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12.3 Standard-Deviationf Calculate the standard

deviation, Sgqr as follows:

n 2 |
n . :i: di : - .
doaz-22 S Eq. 2:4 <
; i .
_ | i=1 n )
84 = ,

12.4 Confidence Coefficient. Calculate the 2.5
percent error confidence coefficient (one—taiied), cc, as

follows:

w
o

0.875

cc=t — _ Eg. 2-5 -

B

where: tg.915 = t-value (see Table 2-1).
12.5 ‘Relative Accuracy. Calculate the RA of a set of

data as follows:

RA = |aliccl]x_ioo . Eq. 26

RM

»

where:

[d} = Absolute value of the mean differences'(from
Equation 2-3).
|CCl= 4 Absolute value of the confidence-coefficient

(from Equation 2-3).
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d

Average RM value. In cases where the

average emissions for the test are less than °

50 percent of the aﬁplicable‘standard,
substitute the émissionvstaﬁdard VQlue in
--£hg denominator of Eq. Z;G-ip piace of RM.
) In all othér.cases, ﬁse iﬁ:
23.0. Métﬁod'Perfbrmaﬂég. :
13.1 Calibration Drift ferfoimance Specification.
The CEMS calibration musf not drift or deviate from.the
reference value ofithe gas cylinder, gaé cell, or optical
filter by mére than 2.5 percent of the spanbvalue. If the
CEMS includes ﬁollutaﬁt aﬁd diluent monitors, the CD must be
_determined ;eparately fér each in tenm; of concentrations
(See Perforﬁance Sﬁecification 3 for tﬁe diluent
specificationé), and none éf.tﬁe CDs may exceed the
specification.
13.2 Relative Accuracy Performance Specificafionf
The RA éf the CEMS must be no greater than 20 percent when
RM is ﬁsed in the dénominitor of Eq..2~6 (average emissions ¢
during test aré greater than SO percent of the emission
standard) or 10 pércent when the appiicable emiss;on
_standifd is used in Fhé~denominatot of Eg. 2;§ (averagé.
emissions during‘tést are less than 50 percent of the

emission standard).
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